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ABSTRACT 

Hawaiian monk s e a l ,  Monachus schauins landi ,  b i r t h s  a t  Kure A t o l l  have 
s t e a d i l y  dec l ined  from about 30 pups per  y e a r  i n  t h e  l a t e  1950's and e a r l y  
1960's t o  a s i n g l e  pup i n  1986. The cause of t h i s  d e c l i n e  i s  p r i m a r i l y  
a t t r i b u t e d  t o  r e c r e a t i o n a l  beach a c t i v i t i e s  of t h e  U.S. Coast Guard. 
Although some r e s t r i c t i o n s  were p laced  on t h e s e  a c t i v i t i e s  i n  t h e  l a t e  
1970's, t he  e f f e c t s  of t he  e a r l i e r  harassment w i l l  cont inue t o  be f e l t  f o r  
many y e a r s  . 

The immature female monk s e a l  popu la t ion  a t  Kure Ato l l ,  now numbering 
16 i nd iv idua l s ,  i s  the  product  of two recovery  a c t i v i t i e s  be ing  conducted 
by W S .  One p r o j e c t ,  Head S t a r t ,  involves  t h e  temporary c a p t i v e  mainte- 
nance of a l l  weaned females born  a t  t he  a t o l l  and t h e  o t h e r  e n t a i l s  r e lo -  
c a t i o n  of female pups from another  breeding  l o c a t i o n  t o  Kure Ato l l .  The 
r e s u l t  i s  a high r a t i o  of immature t o  mature  females  which bodes we l l  f o r  
the  f u t u r e  growth of the  popula t ion ,  i f  beach d i s tu rbance  does n o t  reduce 
su rv iva l  of t h e s e  females  or impact t h e i r  f i d e l i t y  t o  Kure A t o l l .  

Future  popula t ion  changes under d i f f e r e n t  managemant o p t i o n s  a r e  
presented  us ing  a p r o j e c t i o n  model. Assuming f u r t h e r  r educ t ions  i n  beach 
d is turbance  of t he  s e a l s ,  popula t ion  growth i s  expec ted  w i t h  each opt ion ,  
however, c o n t i n u a t i o n  of the  p r e s e n t  NMFS e f f o r t s  t o  inc rease  the  numbers 
and s u r v i v a l  r a t e s  of young s e a l s  w i l l  g r e a t l y  a f f e c t  t h e  popu la t ion  growth 
r a t e .  

To ensure  recovery of t he  Knre A t o l l  monk s e a l  popula t ion ,  t h e  most 
c r i t i c a l  need i s  a f u r t h e r  r e d u c t i o n  i n  beach d is turbance .  T h i s  and o t h e r  
recommendations t o  opt imize recovery a r e  p re sen ted  i n  t h e  r epor t .  



INTBODUCI'ION 

Kure A t o l l  i s  l o c a t e d  a t  t h e  nor thwes tern  end of t h e  Hawaiian 
Archipelago and has  been one of t h e  major hau l ing  ou t  and breeding  
l o c a t i o n s  of t h e  endangered Hawaiian monk s e a l  , Monachus schau ins l and i  
(Kenyon and Rice 1959; Johnson e t  a l .  1982; Ger rode t t e  1985). The breeding 
range of t he  Hawaiian monk s e a l  a l s o  inc ludes  t h e  o t h e r  a t o l l s  and i s l a n d s  
w i t h i n  t h e  Northwestern Hawaiian I s l a n d s  (NWHI). T o t a l  beach counts  of 
monk s e a l s  throughout t h e  NWHI have dec l ined  by more than  50% s i n c e  1957 
(Kenyon and Rice 1959; Rice 1960; Johnson e t  a l .  1982). These d a t a  a l s o  
show t h a t  Kure A t o l l  beach counts  have dec l ined  over  80% s i n c e  1958. 
Observat ions on monk s e a l s  be fo re  1969, i nc lud ing  some r e c o r d s  of e a r l y  
human impacts  on t h e  spec ies ,  and t h e  n a t u r a l  h i s t o r y  of Kure A t o l l  can be 
found i n  Woodward (1972). 

I n  1960 t h e  U.S. Coast Guard (USCG) began c o n s t r u c t i o n  of a l o r a n  
s t a t i o n  on Green I s l and ,  the  only l a r g e ,  vege ta t ed ,  and s t a b l e  i s l a n d  a t  
Kure Ato l l .  The s t a t i o n  became o p e r a t i o n a l  i n  1961 and con t inues  i n  
ope ra t ion  t o  d a t e  w i t h  a cont ingent  of approximately 20 personnel .  Human 
d is turbance  of t he  s e a l s  on t h e  beaches of Green I s l and ,  i n  t h e  form of 
f requent  beachwalking, use of v e h i c l e s  on the  beach, and presence of dogs 
has been c i t e d  a s  t h e  primary cause of the  popu la t ion  dec l ine .  Kenyon 
(1972) r epor t ed  t h a t  t h i s  human d i s tu rbance  caused females  t o  abandon t h e i r  
p r e f e r r e d  pupping h a b i t a t  on Green I s l a n d  and b e g i n  t o  use the  much smal le r  
and l e s s  s t a b l e  sand i s l e t s  (Shark,  Sand, and S t a r k  I s l a n d s )  a s  b i r t h  s i t e s  
(Pig.  1). These l o c a t i o n s  o f f e r e d  female-pup p a i r s  no s h e l t e r  from storms 
and no shallow nearshore a r e a s  i n  which they could  s w i m  and r e s t  i n  the  
water  wh i l e  p r o t e c t e d  from sharks.  These sma l l e r  i s l a n d s  were a l s o  v i s i t e d  
by s t a t i o n  personnel ,  a l though l e s s  f r e q u e n t l y  t h a n  the  beaches of Green 
I s l and ,  and on a t  l e a s t  one occas ion  were v i s i t e d  by a h e l i c o p t e r  from 
Midway. The i s l e t s  can d i sappea r  i n  hours  w i t h  changes i n  c u r r e n t s  and 
wave a c t i o n  dur ing  s torms and extreme t i d e s ,  which c l e a r l y  make them 
u n s u i t a b l e  a s  good pupping and nu r s ing  h a b i t a t .  

Su rv iva l  of monk s e a l s  born  a t  Kure A t o l l  i n  t h e  1960's and 1970's was 
low. Wirtz  (1968) found t h a t  a l l  b u t  1 of 62 pups born  i n  1964 and 1965 
e i t h e r  d i sappeared  or were known t o  have d i e d  between 16 and 74 days of age 
(weaning normally occurs  a t  about 40 days) .  Some of the dead pups observed 
by Wirtz were be l i eved  k i l l e d  by sharks  which a r e  nearshore from l a t e  sp r ing  
through mid-sammer, Other  pups had open back wounds surrounded by l ace ra -  
t i o n s  and b ru i sed  t i s s u e ,  which Wirtz be l i eved  may have been i n f l i c t e d  by 
a d u l t  male monk sea l s .  Subsequent obse rva t ions  by o t h e r s  have confirmed 
t h a t  t h i s  type of i n j u r y  can be caused by a d u l t  male s e a l s  (Johnson and 
Johnson 1981; Alcorn 1984; Johanos and Kam 1986). Pup s u r v i v a l  a l s o  
appears  t o  have remained low i n  t h e  1970's. High beach counts  of immature 
s e a l s  o l d e r  than  pups ranged from ze ro  t o  f i v e  animals  from 1976 t o  1980 
(Johnson e t  a l .  1982). 

Poor pup s u r v i v a l  between t h e  e a r l y  1960's and 1980 r e s u l t e d  i n  very  
low annual recru i tment  of breeding s e a l s .  This  caused Kenyon (1980) t o  
suggest  t h a t  t h e  remaining a d u l t  females  a t  Kure were o l d  animals,  probably 
born be fo re  U S E  occupat ion  of Green I s l and ,  and t h a t  they would not be 
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Figure 1.--Map of  Green Is land,  Kure A t o l l ,  showing s e c t o r  des ignat ions  
used i n  making s e a l  counts.  I n s e t  map shows l o c a t i o n s  of smaller sand 
i s lands  a t  Kure A t o l l .  



3 

product ive  much longer .  This has,  indeed, been t h e  case.  Bir ths  dec l ined  
from nea r  30 pups p e r  y e a r  i n  the  l a t e  1950's and mid-1960's (Kenyon and 
Rice 1959; Rice 1960; Wirtz  1968) t o  9 t o  10 pups p e r  y e a r  from 1977 
through 1980 (Johnson e t  a l .  1980; Kenyon 1980; Johnson e t  a l .  1982), 10 
pups i n  1981 (Gi lmar t in  e t  a l .  1986) and t h e n  3 t o  5 pups pe r  y e a r  (NMFS 
unpubl. d a t a )  u n t i l  1986, when only  one male pup was born (F ig .  2). 

Beach d is turbance  causes  monk s e a l s ,  e s p e c i a l l y  a d u l t  females ,  t o  
spend more time i n  the  wa te r  and t o  seek more i s o l a t e d  re fuges .  More time 
i n  t h e  water  means g r e a t e r  exposure t o  sharks  and aggres s ive  a d u l t  males, 
r e s u l t i n g  i n  h igher  m o r t a l i t y  r a t e s .  The f a c t  t h a t  human a c t i v i t y  alone on 
the  beach w i l l  d e t e r  monk s e a l s  from hau l ing  out  i s  b e s t  i l l u s t r a t e d  by 
changes which have occurred  a t  Tern  I s l and ,  French F r i g a t e  Shoals  (Fig.  2). 
During USCG occupat ion of Tern I s l a n d  from the  1950's u n t i l  J u l y  1979, t h e  
number of s e a l s  us ing  the  beach was never more t h a n  a few i n d i v i d u a l s  
(Amerson 1971<; Kenyon 1972; DeLong e t  a l .  1976; DeLong and Brownell 1977; 
Kenyon and Rauzon 1977). Immediately a f t e r  depa r tu re  of t he  USCG i n  1979 
and occupat ion of t h e  i s l a n d  by t h e  U.S. F i s h  and W i l d l i f e  Serv ice ,  t he  
beach counts  of s e a l s  began t o  r i s e ,  and i n  subsequent  y e a r s  cont inued  t o  
r i s e  d rama t i ca l ly  ( F i s c u s  e t  a l .  1978; Rauzon e t  a l .  1978; Rauzon 1979; 
Schulmeister  1981; USFWS unpubl. da t a ) .  The U.S. F i s h  and W i l d l i f e  Serv ice  
r e s t r i c t s  access  t o  a l l  beaches a t  Tern I s l a n d  t o  t h a t  which i s  necessary  
f o r  r e  s ea rch  purposes only.  

Since 1976 USCG r e g u l a t i o n s  have e l imina ted  t h e  r e c r e a t i o n a l  use of 
v e h i c l e s  on the  beaches of Green I s l and ,  dogs have been b a r r e d  from t h e  
s t a t i o n ,  and a s e a l  refuge a rea  a t  t he  n o r t h  p o i n t  of Green I s l a n d  has  been 
des igna ted  "off l i m i t s "  t o  s t a t i o n  personnel .  These changes, t o g e t h e r  w i th  
more r ecen t  awareness and concern f o r  t he  p l i g h t  of t h e  monk s e a l  by most 
sta$ion personnel ,  have reduced t h e  l e v e l  of d i s tu rbance  on t h e  a t o l l ' s  
beaches. Although pupping a c t i v i t y  has  been d e c l i n i n g ,  a l l  b i r t h s  a t  t h e  
a t o l l  s i n c e  1982 have been on t h e  h i s t o r i c a l  rookery beaches of Green 
Is land .  

I n  1980 t he  Hawaiian Monk Seal  Recovery Team reviewed t h e  a v a i l a b l e  
informat ion  on the  s t a t u s  of t he  monk s e a l  a t  Kure Ato l l .  The decreas ing  
number of b i r t h s  toge the r  w i th  t h e  apparent  low s u r v i v a l  caused concern 
t h a t  recru i tment  of breeding  s e a l s  was so low t h a t  s u r v i v a l  of t he  Kare 
A t o l l  s e a l  popula t ion  was i n  jeopardy  (Gi lmar t in  1983). The team be l i eved  
t h a t  the  l o s s  of Kure A t o l l  pups was probably induced by human d i s tu rbance  
on t h e  beaches fol lowed by trauma due t o  sharks  and a d u l t  male s e a l s .  It 
a l s o  recognized t h a t  n a t u r a l  r ee f  t o x i n s  ( G i l m a r t i n  e t  a l ,  19801, d i sease ,  
and congen i t a l  problems might a l s o  c o n t r i b u t e  t o  t h e  h igh  disappearance 
r a t e .  However, t hese  o t h e r  f a c t o r s  do not  now appear  t o  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  low s u r v i v a l  of young s e a l s  a t  Kure A t o l l  (G i lmar t in  e t  
a l .  1986). 

In t h e  fol lowing s e c t i o n s ,  t h e  p o t e n t i a l  e f f e c t s  of two recovery 
p r o j e c t s  d i r e c t e d  a t  i n c r e a s i n g  t h e  number of female s e a l s  a t  Kure a r e  
d iscussed ,  the  p re sen t  s t a t u s  of t h e  Kure A t o l l  monk s e a l  popu la t ion  i s  
presented ,  and f u t u r e  popu la t ion  changes under d i f f e r e n t  management op t ions  
a r e  d iscussed  us ing  a p r o j e c t i o n  model. F i n a l l y ,  we recommend a c t i o n s  
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Figure  2.--Nnmber of monk s e a l  pups born a t  Kure A t o l l  ( s o l i d  l i n e )  and 
t o t a l  s e a l  counts  a t  Tern I s l and ,  French F r i g a t e  Shoals  (dashed l i n e ) ,  
1956-86. The U.S. Coast Guard a r r i v e d  a t  Kure i n  1961 and l e f t  Tern  I s l a n d  
i n  1979. 
time of t he  Coast Guard's depa r tu re  i n  J u l y  1979. The mean 1986 count of 
s e a l s  a t  Tern I s l a n d  inc ludes  d a t a  from January  t o  J u l y  1986. 

I n s e t  graph shows more d e t a i l e d  counts  a t  Tern I s l a n d  around the 
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which we b e l i e v e  a re  necessary  f o r  recovery of t he  Kure A t o l l  monk s e a l  
p o pul  a t  i on. 

RECOVEBY ACTIVITIES 

In 1981 a Head S t a r t  p r o j e c t  was i n i t i a t e d  a t  Kure A t o l l  i n  a n  a t tempt  
t o  reduce the  l o s s  of female pups, which r e p o r t e d l y  occurred between about 
2 weeks and 2-1/2 months of age (Gi lmar t in  e t  a l .  1986). This  work 
involves  c o l l e c t i o n  of female pups each y e a r  soon a f t e r  weaning and p l ac ing  
them i n  a l a r g e  p r o t e c t i v e  enc losu re  on the  southwest beach of Green I s l a n d  
(Fig.  1). The pups a r e  f e d  l o c a l l y  caught r ee f  f i s h e s  u n t i l  t h e  end of t he  
summer and then  r e l eased .  A t o t a l  of 13 Kure-born female pups were cared 
f o r  i n  t h e  Head S t a r t  p r o j e c t  i n  t h e  y e a r s  1981, 1982, 1984, and 1985 
(Table  1). Of these  13 s e a l s ,  11 a re  s t i l l  a t  Kure. One i n d i v i d u a l  of the  
1981 cohor t  disappeared immediately a f t e r  r e l e a s e  and another ,  of t h e  same 
yea r ,  moved t o  P e a r l  and Hemes  Reef between 1985 and 1986. 

Male pups have not been inc luded  i n  t h e  Head S t a r t  p r o j e c t ,  bu t  t h e i r  
l o s s e s  have a l s o  been l e s s  t han  t h a t  of the  p rev ious  two decades. Reduced 
harassment of Kure monk s e a l s  probably accounts  f o r  t he  improved good sur- 
v i v a l  of the non-Head S t a r t  pups. Vehicle  use on the  beaches has  been 
r e s t r i c t e d ,  dogs a r e  no l onge r  allowed on t h e  i s l a n d ,  the  beach a t  t h e  
n o r t h  end of Green I s l a n d  has  been des igna ted  " o f f  l i m i t s , "  the  small  sand 
i s l e t s  have seasonal  access  r e s t r i c t i o n s ,  and, s i n c e  1981, National  Marine 
F i s h e r i e s  Serv ice  (NMFS) personnel  have been p r e s e n t  each y e a r  dur ing  most 
of the  breeding  season and u n t i l  t h e  end of September. The e f f e c t  of t h e  
l a t t e r  i n  reducing d i s tu rbance  i s  due t o  a n  informal  educa t ion  p rocess  
which occurs  between NMFS and t h e  USCG s t a t i o n  personnel .  With an under- 
s tanding  of the  p l i g h t  of t h e  monk sea l ,  some personnel  a r e  mach more 
cau t ious  not  t o  d i s t u r b  s e a l s  on t h e  beaches. Although human d i s tu rbance  
i s  s t i l l  a problem a t  Kure A t o l l ,  i t  i s  reduced from the  l e v e l  of t he  
previous two decades. The r e t u r n  of some pupping a c t i v i t y  t o  Green I s l a n d  
suppor t s  t h i s  conten t ion .  

I n  1984 a second program was i n i t i a t e d  t o  a i d  i n  recovery of monk 
s e a l s  a t  Kure Ato l l .  Female s e a l  pups c o l l e c t e d  i n  1984 and 1985 a t  
French F r i g a t e  Shoals  which were weaned bu t  underweight were h e l d  in 
Honolulu through the  balance of t h e i r  f i r s t  summer and w i n t e r  months a f t e r  
c o l l e c t i o n ,  screened f o r  d i s e a s e s  and g e n e t i c  problems, and then,  t h e  
fo l lowing  spr ing ,  r e in t roduced  t o  t h e  w i l d  a s  y e a r l i n g s  a t  Kure A t o l l  v i a  
the  Head S t a r t  enc losure .  Once observed ca t ch ing  and e a t i n g  l i v e  f i s h  i n  
good q u a n t i t y  w i t h i n  the  enc losure ,  the  s e a l s  were r e l eased .  Although the  
t o t a l  number of s e a l s  t hus  added t o  t h e  Kure popu la t ion  t o  da te  i s  only  
f i v e ,  the  number i s  s i g n i f i c a n t  because i t  equa l s  the  number of female 
s e a l s  born  a t  Kure during t h e  l a s t  4 y e a r s  (Table  1). A l l  t h r e e  of t he  
y e a r l i n g s  r e l e a s e d  i n  t h i s  program i n  1985 were r e s i g h t e d  a t  Kure i n  1986. 
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Table 1.--Birth and s u r v i v a l  of female Hawaiian monk s e a l s  a t  ICure A t o l l ,  
1981-86. 

No. of No. i n  No. s u r v i v i n g  t o  t y e a r s  
female He ad 

Year b i r t h s  S t a r t  t=l t=2 t=3 t=4 t=5 

4 4 4 4 3-+ 
3 3 3 3 6 3 5; 1981 

1982 4 
19  83 0 0 
1984 2 2 2 2 
1985 3 3 3 
1986 0 0 

-- -- -- 

One female pup d i ed  p r i o r  t o  weaning, when pups a r e  c o l l e c t e d  f o r  t h e  * 
Head S t a r t  p ro j  e c t .  

*Between age 4 and 5 y e a r s  one female of t h i s  cohor t  moved t o  
Pea r l  and Hermes Reef. 
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POPULATION STATUS 

Census da t a  ( s t anda rd ized  beach counts)  have been c o l l e c t e d  a t  Kure 
A t o l l  each year  s ince  1981 (Appendix). Because t h e s e  counts  cover somewhat 
d i f f e r e n t  time pe r iods  each  year ,  a subse t  of t h e s e  d a t a  covering t h e  
pe r iod  1 April-31 J u l y  was s e l e c t e d  t o  compare t r e n d s  among yea r s .  Table 
2 p r e s e n t s  a summary of t hese  d a t a  a s  mean counts  by s i z e ,  sex, and i s l a n d  
loca t ion .  These da t a  form t h e  b a s i s  of t h e  f i g u r e s  and d i s c u s s i o n  which 
follow. 

Mean counts  of a d u l t  s e a l s  show l i t t l e  change over  the  pe r iod  1981-86 
(Fig.  31, bu t  a n a l y s i s  of t he  d a t a  by s i z e ,  sex, and s e c t o r  r e v e a l  impor- 
t a n t  t r ends .  Noting t h e  low s u r v i v a l  of pups r e p o r t e d  by Wirtz (1968) and 
t h e  l a c k  of immature s e a l s  i n  t h e  1970's,  Kenyon (1980) p r e d i c t e d  t h a t  t he  
popula t ion  of monk s e a l s  a t  Kure would become senescent .  A s  a l r e a d y  noted, 
t h i s  has  been the case.  The r e c e n t  mean count of a d u l t  females  h a s  dropped 
s t e a d i l y  (Fig.  4 )  and t h e  number of pups bo rn  h a s  f a l l e n  d rama t i ca l ly  over 
t he  l a s t  20 yea r s  (Pig.  2). The counts  of pups among y e a r s  i n  F igure  2 
a r e  not s t r i c t l y  comparable because some a r e  minimum counts  of pups ( coun t s  
d i d  not cover the  whole breeding  season) .  Never the less ,  i t  i s  c l e a r  t h a t  
pup product ion  h a s  dec l ined  sha rp ly  from t h e  30+ pups born per  y e a r  i n  t h e  
1960 ' s  t o  the  s i n g l e  pup i n  1986. The breeding  popu la t ion  ( i . e . ,  those 
a d u l t  females  known t o  be s e x u a l l y  mature) h a s  d e c l i n e d  t o  only two s e a l s  
i n  1986. 

On t h e  o the r  hand, t h e  s u r v i v a l  of t h e  few pups which were born  a t  
Kure during 1981-86 has  been good. Table 1 p r e s e n t s  d a t a  f o r  female pups. 
Mor ta l i t y  ( inc lud ing  m o r t a l i t y  be fo re  weaning) i s  low o v e r a l l ,  bu t  appears  
t o  be h igher  during the  f i r s t  y e a r  a f t e r  b i r t h .  Su rv iva l  a f t e r  t h e  f i r s t  
y e a r  of l i f e  has  been extremely high, n e a r l y  10096, when male and female 
pups a re  considered. In a d d i t i o n ,  r e h a b i l i t a t e d  pups from French F r i g a t e  
Shoals  have been brought t o  Kure, a s  desc r ibed  e a r l i e r .  Th i s  impor t a t ion  
of young s e a l s  t o  Kure, t o g e t h e r  w i t h  t h e  h igh  s u r v i v a l  of s e a l s  born  t h e r e  
s ince  1981 and t h e  r a p i d  d e c l i n e  of o lde r  s e a l s ,  has  l e d  t o  a popu la t ion  
dominated by young sea l s .  The r a t i o  of immature t o  a d u l t  s e a l s  has  
increased  t o  t h e  poin t  t h a t  i n  1986 t h e r e  were more immature s e a l s  ( i n  only  
4 age c l a s s e s )  t han  a d u l t  s e a l s  ( i n  20 or more age c l a s s e s )  (F ig .  4 ) .  This  
bodes w e l l  for t h e  f u t u r e  growth of t he  popu la t ion  if t hese  young s e a l s  a r e  
allowed t o  l i v e  and breed  undis turbed.  

The s e a l s '  use of d i f f e r e n t  a r e a s  a t  t h e  a t o l l  has  a l s o  been changing. 
Figure 5 shows f o u r  a r e a s  ( s e c t o r s ,  see Fig.  1) where t r e n d s  a re  s t ronges t .  
Sec tor  1 on Green I s l a n d  shows a s i g n i f i c a n t  decrease  i n  use over t he  6- 
y e a r  per iod ,  while  Shark I s l a n d  and Sec to r s  3 and 7 on Green I s l a n d  show an  
increase .  About h a l f  of t h i s  decrease  i n  s e a l  use  of Sec tor  1, t h e  beach 
between the  p i e r  and the  no r th  po in t  "off limits" a rea ,  can be expla ined  by 
t h e  r e l o c a t i o n  of n o n l a c t a t i n g  a d u l t  females  and t h e i r  a s s o c i a t e d  males 
from t h a t  area t o  o the r  s i t e s ,  inc luding  the  s e c t o r s  which showed an  
increase .  Since a n  a d u l t  female monk s e a l  w i l l  g e n e r a l l y  seek haul-out 
s i t e s  where d is turbance  i s  low, i t  i s  probable  t h a t  d i s tu rbance  has  been 
inc reas ing  on t h e  northwest  beach (Sec to r  1) d u r i n g  t h i s  time. 
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Table 2.--Mean monk s e a l  counts  by s i z e ,  sex, and l o c a t i o n ,  Kure A t o l l ,  1981-86. 
Counts a re  based on census d a t a  c o l l e c t e d  between 1 A p r i l  and 31 J u l y  each year .  
T o t a l s  wi th  a s t e r i s k  ( * )  inc lude  some s e a l s  which were not  p laced  in any s i z e  
c l a s s .  M = male, F = female, ? = sex unknown. 

A d d  t s Subadul t s  J u v e n i l e  s h P  S 

Locat ion M P  ? M F  ? M F  ? M F  ? T o t a l  

1981 

Green I s l a n d  
Sector  1 1.2 1.0 0.4 0.3 0.0 0.0 0.3 0.1 0.1 0.2 0.0 0.0 
Sector  2 1.8 0.6 0.5 0.0 0.2 0.0 0.1 0.1 0.2 0.0 0.0 0.1 
Sector  3 0.4 0.0 0.1 0.3 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 
Sec to r  4 0.5 0.0 0.2 0.1 0.1 0.0 0.2 0.1 0.0 0.0 0.0 0.0 
Sec tor  5 0.3 0.3 0.0 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.3 
Sec to r  6 0.6 0.0 0.2 0.2 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
Sec tor  7 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0. 0.0 0.0 0.0 
Sec to r  8 0.1 0.1 0.3 0.0 0.0 0.0 0 . 0  0 .0  0.1 0.1 0.1 0 . 0  

Shark I s l a n d  0.2 0.0 0.6 0.0 0 . 0  0 .0  0.0 0 . 0  0.1 0.0 0.0 0.0 
Sand I s l and  2.1 1.2 0.1 0.1 0.0 0.3 0.8 0.2 0.0 0.2 0.8 0.3 
S t a r k  I s l a n d  0.0 0.0 0.0 0.0 0 . 0  0.0 0 . 0  0 .0  0 . 0  0.0 0.0 0.0 
Head S t a r t  pen 0.0 0.0 0.0 0 .0  0 . 0  0 .0  0 . 0  0.0 0.0 0.0 2.5 0.0 

Tota l  

Green I s l a n d  
1 
2 
3 
4 
5 
6 
7 
8 

Shark I s l a n d  
Sand I s l a n d  
S t a r k  I s l a n d  

7.2 3.2 2.2 0.8 0.3 0.3 1.7 0.5 0.5 0.4 3.4 0.7 

1982 

0.6 0.8 0.4 0.1 0.1 0.0 0.1 0.0 0.0 0.2 0.0 0.0 
1.3 0.7 0.6 0.1 0.4 0.3 0.6 0.3 0.2 0.1 0.0 0.0 
0.4 0.1 0.4 0.1 0.4 0.1 0.3 0.0 0 . 0  0.0 0.0 0.0 
0.3 0.0 0.3 0.0 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.0 
0.4 0.1 0.2 0.1 0.1 0.0 0.0 0 . 0  0.0 0.0 0.1 0.1 
0.6 0.1 0.3 0.0 0.1 0.0 0.6 0.2 0.1 0.0 0.0 0 . 0  
0 .0  0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 
0.3 0.3 0.0 0.1 0.1 0.0 0.1 0 . 0  0.0 0.0 0.1 0.1 
0.6 0.0 0.2 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 
1.9 0.3 1.1 0.2 0.3 0.3 0.3 0.6 0.3 0.0 0.0 0.0 
0.0 0 .0  0.2 0.0 0.0 0.1 0.1 0.2 0.1 0.0 0.0 0.0 

Head S t a r t  pen 0.0 0.0 0.0 0 .0  0 .0  0 . 0  0 . 0  0.0 0.0 0.0 2.0 0.0 

Tota l  6.5 2.6 3.8 0.8 1.6 1.1 2.3 1.6 1.1 0.4 2.2 0.2 

3.5 
3.8* 
1.0 
1.1 
1.0 
0.9 
0.2 
0.7 
1.1* 
6.5* 
0.1* 
2.5 

22.3 

2.4 
4.7 
1.9 
1 .o 
1.2 
2.1 
0.6 
1.1 
1.3 
5.2 
0.8 
2 .o 

24.2 
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Table 2 .--(Continued) 

Adul t s Subadal t s J u v e n i l e s  h P  S 

Location M F  ? M P  ? M F  ? M F  ? Tota l  

1983 

Green I s land  
Sector 1 0.4 0.4 0.0 0.3 0.0 0.0 0.0 0 .0  0.0 0.1 0.0 0.0 1 . 3  
Sec tor  2 1.2 0.6 0.3 0.4 0.3 0.1 0.4 0.5 0.0 0.1 0.0 0.0 3.9 
Sector 3 0.9 0.2 0.2 0.2 0.8 0.0 0.2 0.2 0.0 0.1 0.0 0.0 2.8 
Sector  4 0.7 0.0  0.1 0.1 0.0 0.0 0.2 0.1 0.0 0.1 0.0 0.0 1.2 
Sector  5 0.4 0 . 0  0.1 0.1 0.1 0.0 0.0 0.0 0 . 0  0.0 0.0 0.0 0.7 
Sector  6 1.1 0.3 0.6 0.2 0.2 0.0 0.6 0.1 0.0 0.4 0.0 0.0 3.7 
Sector  7 0.1 0.1 0.0 0.0 0.0 0 .0  0.0 0.0 0.0 0.1 0.0 0.0 0.4 
Sector  8 0.2 0.3 0.0 0.0 0.0 0 .0  0.0 0.0 0.0 0.1 0.0 0.0 0.6 

Shark I s land  0.6 0 .3  0.1 0.1 0.4 0.0 0.2 0.2 0.1 0.0 0.0 0.0 2.1 
Sand Is land 2.4 0 . 3  0.6 0.2 0.4  0.1 0.3 1.2 0.1 0.0 0.0 0.0 5.8* 
Stark Is land 0.2 0.0  0.1 0.1 0.1 0.0 0 . 0  0.2 0 . 0  0.0 0.0  0.0 0.7 
Head S t a r t  pen 0.0 0 .0  0 . 0  0.0 0 . 0  0 .0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 .0  0 . 0  

Total 8.2 2.5 2.1 1.6 2.3 0.3 2.1 2.6 0.2 1.1 0.0 0.0 23.1 

1984 

1 0.3 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0 
2 0.9 0.6 0.6 0.4 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.1 
3 0.7 0.2 0.3 0.2 0.2 0.2 0.0 0.3 0.0 0.5 0.0 0.0 
4 0.3 0.0 0.3 0.0 0.0 0.1 0.0 0.0 0.0 0.2  0.0 0.0 
5 0.5 0.1 0.3 0.2 0.1 0.2 0.1 0.1 0.1 0.0 0.0 0.0 
6 0.4 0.1 0.3 0.1 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.0 
7 0.2 0.0 0.2 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0 
8 0.2 0.1 0.0 0.1 0 . 0  0 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0.0 

Shark I s land  0 . 5  0.2 0.3 0.3 0.4 0.3 0.1 0.0 0.1 0.0 0 . 0  0 .0  
Sand Is land 1.7 0 . 7  0 .7  0.6 0.5 0.3 0.4  0.4 0.1 0.2 0.4 0.0 
Stark I s land  0.1 0.2 0.3 0.1 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 
Head S t a r t  pen 0.0 0 .0  0 .0  0 . 0  0 . 0  0 .0  0.0 0.0 0.0 0.4 2.7 0.0 

Total 5 .6  2.4 3.4 2.0 1.6 1.5 0.7 1.0 0.3 1.8 3.1 0.1 

0.9 
3.3 
2.6 
0.9 
1.5 
1.2 
0.6 
0.4 
2.2* 
5.9 
1.4* 
3.1 

24.2 
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Table 2.-(Continued) 

A d d  t s Subadult  s J u v e n i l e  s Pup s 

Locat ion  M F ?  M F ? M F  ? M F ? T o t a l  

1985 

Green I s l a n d  
Sec tor  1 0.5 0 . 3  0.1 0 .2  0 .0  0.0 0 . 0  0 .0  0 .0  0.0 0.0 0.0 
Sec to r  2 1 . 3  0.5 0 . 7  0 . 2  0-5 0 . 5  0 . 2  0.4 0.1 0 . 6  0.0 0.0  
Sector  3 0 . 6  0 . 2  0 .2  0 . 2  0.5 0.2 0.1 0.0 0.0 0.5 0.0 0.0 
Sec to r  4 0 . 6  0.1 0.1 0.0 0.0 0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 
Sec tor  5 0 . 8  0.1 0 .1  0.1 0.1 0.1 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
Sec to r  6 0.9 0.1 0 . 2  0 . 2  0 . 0  0 .1  0.1 0.0 0.0 0.1 0.1 0.0 
Sector  7 0.1 0 .3  0.0 0 .0  0 .0  0.0 0 . 0  0.0  0.0 0 .0  0 . 3  0 .0  
Sec to r  8 0.1 0.0 0 . 0  0 . 0  0 .0  0 .0  0.1 0 . 0  0 .0  0.1 0 . 0  0 .0  

Shark I s l a n d  1.1 0.1 0.1 0.5 0 . 3  0.2 0.1 0.0 0 .0  0.0 0.0 0.0 
Sand I s l and  2 . 1  0 . 3  0.5 1 . 6  0 . 8  1 . 2  0 . 3  0 . 0  0 .0  0 . 0  0.0 0.0 
S t a r k  I s l a n d  0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
Head S t a r t  pen 0.0 0.0 0.0 0 . 0  0.7 0.0 0 . 0  0 . 0  0 . 0 .  0 . 0  0 . 9  0 . 0  

Tota l  8 .3  2 . 1  2 . 0  2 . 9  2 . 8  2 .3  0 .9  0.5 0.2 1 . 4  1 . 3  0.0 

1986 

Green I s l and  
Sec tor  1 0 .3  0.0 0 .3  0 .1  0 .0  0.0 0.0 0 . 0  0 . 0  0.0 0.0 0.0 
Sec to r  2 1 .3  0.5 0 . 6  0 . 6  1.0 1.5 0.0 0.5 0 . 4  0.0 0.0 0 . 0  
Sector  3 0.5 0.4 0 . 7  0.5 0.9 0 . 6  0.1 0 .0  0.1 0.0 0.0 0.0 
S e c t o r  4 0.5 0.1 0.1 0 . 2  0 . 4  0.1 0 . 0  0 .1  0.1 0.0 0.0 0.0 
Sec to r  5 0 .4  0.0 0 . 2  0 . 6  0.5 0 . 3  0 . 1  0.1 0 . 2  0 .0  0 .0  0 .0  
S e c t o r  6 0.5 0 . 2  0.4 0.7 0.1 0 . 3  0 . 0  0 . 0  0 . 1  0.1 0.0 0.0 
Sec to r  7 0 . 3  0 .3  0.0 0.1 0.1 0.1 0 .0  0 .0  0.0 0 .7  0 .0  0 .0  
Sec to r  8 0.1 0.0 0.1 0 .3  0 .0  0.1 0 .0  0 . 0  0 . 0  0 .0  0 . 0  0 .0  

Shark I s l a n d  0.4  0 . 3  0 .2  0 . 3  0 . 6  0 . 3  0.0 0 . 1  0 .3  0.0 0.0 0.0 
Sand I s l and  1 .7  0 . 2  1 . 3  0 . 5  0 . 6  1 . 2  0 .0  0 . 2  0 . 3  0 .0  0 .0  0 .0  
S t a r k  I s l a n d  0 . 2  0.0 0.1 0.0 0 .1  0 .1  0 .0  0.0 0 .0  0.0 0.0 0.0 
Head S t a r t  pen 0.0 0.0 0.0 0.0 0 . 7  0 .0  0 . 0  0 . 0  0 . 0  0 .0  0.0 0.0 

Tota l  6 . 0  2 .0  4 . 0  3 .7  4.9 4.5 0.1 0 . 9  1.5 0.7 0.0 0.0 

1.2 
4 . 9  
2 .4  
0.9 
1.2 
1-8 
0 . 8  
0 . 3  
2 .3  
6 . 8  
0 .3  
1 . 6  

24.7 

0 . 6  
6 . 4  
3 .7  
1.5 
2 . 3  
2 . 3  
1.5* 
0.5 
2.5* 
6 . 0  
0.5 
0 . 7  

28.5 
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Figure 3.--Mean counts of monk s e a l s  i n  t h r e e  s i z e  c l a s s e s  (bars )  and mean 
t o t a l  s e a l  count ( l i n e )  a t  Kure A t o l l ,  1981-86. 
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POPULBTION MODEL PBQJBCX'IONS 

The i n t e n s i v e  s t u d i e s  which have been conducted a t  Kure and a t  o the r  
i s l a n d s  i n  t h e  Hawaiian Archipelago a t  which monk s e a l s  l i v e  a l low the  
c o n s t r u c t i o n  of a simple popu la t ion  p r o j e c t i o n  model t o  p r e d i c t  t h e  f u t u r e  
growth of t he  Kure A t o l l  popu la t ion  o f  monk s e a l s .  The model i s  an age- 
s t r u c t u r e d ,  d i scre te - t ime,  females-only model w i t h  t h e  a d u l t  age c l a s s e s  
co l l apsed  i n t o  a s i n g l e  pool of breeding  females.  The q u a n t i t i e s  r equ i r ed  
f o r  i npu t  t o  t h e  model a r e :  

1. Current (1986) number of females  i n  each  age category. These a r e  
known from tagging  conducted a t  Kure s i n c e  1981 and from 
i d e n t i f i c a t i o n  of o l d e r  seals  on the b a s i s  of s ca r  p a t t e r n s .  

2. Age a t  f i r s t  reproduct ion .  The pups bo rn  a t  Kure i n  1981 a re  now 
5 y e a r s  o ld .  None of them reproduced i n  1986, al though they  were 
of  l a r g e  subadu l t  and a d u l t  s i ze .  We have assumed, based  on t he  
only a v a i l a b l e  da t a ,  t h a t  they w i l l  b r eed  a t  t h e  age of 6 years .  
The youngest monk s e a l  of known age observed  t o  give b i r t h  was 7 
y e a r s  o l d  a t  t h e  time (Johnson and Johnson 1984). 

3. B i r t h  r a t e  ( l i v e  female b i r t h s  p e r  female p e r  yea r ) .  Because so 
few pups have been born  a t  Kure, t h e  b i r t h  r a t e  was c a l c u l a t e d  
from o t h e r  i s l a n d s  a t  which the  exac t  number of a d u l t  females  was 
known. The mean b i r t h  r a t e  a t  L i s i a n s k i  I s l a n d  i n  1982 and 1983 
and Laysan I s l a n d  i n  1983 was e s t ima ted  t o  be 0.31. 

4. I n t e r a t o l l  movement. For computational s i m p l i c i t y ,  ga ins  or 
l o s s e s  of s e a l s  due t o  i n t e r a t o l l  movement a r e  inco rpora t ed  i n t o  
the  s u r v i v a l  r a t e  e s t i m a t e s  ( s e e  below). We assume, perhaps 
o p t i m i s t i c a l l y ,  t h a t  t h e  f i d e l i t y  t o  Kure of the  t r a n s l o c a t e d  
French F r i g a t e  Shoals  y e a r l i n g s  w i l l  be t h e  same a s  Kure-born 
sea l s .  I n t e r a t o l l  movement of tagged s e a l s  has  been low; a 
s i n g l e  4-year-old female moved from Kure t o  P e a r l  and Hermes Reef 
between 1985 and 1986 (Table  1). I n  a d d i t i o n ,  no movement of 
known a d u l t  Kure females  t o  o t h e r  a t o l l s  h a s  been observed. 

5.  Surviva l  r a t e s .  Annual s u r v i v a l  r a t e s  were e s t ima ted  €or t h r e e  
age c a t e g o r i e s  a s  fo l lows:  

a. Pups (from b i r t h  t o  age 1 y e a r ) .  Of 15 female pups born a t  
Kure s i n c e  1981, 12 have surv ived  t o  t h e i r  f i r s t  b i r t h d a y  
(Table  1). The pup s u r v i v a l  r a t e  a t  Kure i s  t h e r e f o r e  s e t  a t  
0.8. 

b. Immatures (from age 1 t o  6). A s  n o t e d  above, s u r v i v a l  f o r  
t hese  ages  h a s  been extremely h igh  a t  Kure during 1981-86. 
On t h e  b a s i s  of t he  d a t a  i n  Table  1, t h e  annual immature 
s u r v i v a l  r a t e  was c a l c u l a t e d  t o  be 0.977 (only  one l o s s  due 
t o  emig ra t ion ) .  Th i s  s u r v i v a l  r a t e  i s  so high  t h a t  i t  should 
be ques t ioned  whether  i t  i s  a r e a l i s t i c  long-term average; 
r a t h e r ,  it i s  a s u r v i v a l  r a t e  which was observed dur ing  a 



15 

45 

40 

35 

rn 
(d 
W 

W 
30-- 

d 

?I a 
% 

k 25-- 

0 

& 
e, 
P 20-- 

7 z 
E 

15-- 

50 

-- 

-- 

-- 

5 

0 1  

1986 1988' 1990 1992 1994 1996 

Population projection 

- Adding 3 pups/yr to 1991 

_ _  No pups added after 1987 

_ _ _ _ _ _ _  No pups added at  all 

Figure  6.--Ten-year popu la t ion  p r o j e c t i o n s  of t h e  female monk s e a l  
popula t ion  a t  Kure Ato l l ,  based on the  popu la t ion  model descr ibed  i n  the  
t e x t .  Three scena r ios  a r e  shown, based on d i f f e r e n t  management o p t i o n s  f o r  
t r a n s l o c a t i n g  female pups t o  Kure: 
added a f t e r  1987, when pups c u r r e n t l y  i n  Honolulu a r e  due t o  be r e l eased ,  
and adding th ree  pups p e r  yea r  through 1991. 

No pups added a t  a l l ,  no more pups 
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time which e v i d e n t l y  was f avorab le  f o r  s u r v i v a l  of t hese  
ages.  

C. Adul t s  (age 6 and o l d e r ) .  Since t h e  a d u l t  popu la t ion  a t  Kure 
c o n s i s t e d  of o l d  animals  from 1981 t o  1986, we f e e l  t h a t  
s u r v i v a l  r a t e s  based on t h e  observed d e c l i n e  of t h e s e  o l d  
s e a l s  would not  apply t o  the  a d u l t  age ca tegory  a s  a whole. 
Therefore ,  t h e  mean annual  a d u l t  female s u r v i v a l  r a t e  of 
0.908 ( i n c l u d i n g  l o s s e s  due t o  emigra t ion)  were c a l c u l a t e d  
from L i s i a n s k i  between 1982 and 1983, and from Laysan I s l a n d  
between 1984 and 1985. This  i s  a h igh  a d u l t  s u r v i v a l  r a t e  
compared t o  o t h e r  pinnipeds.  As w i t h  t h e  immature r a t e ,  i t  
should be viewed a s  a s u r v i v a l  r a t e  which a p p l i e s  over  a 
s h o r t  f avorab le  t ime . 

Given t h e  c u r r e n t  popu la t ion  s t r u c t u r e  and t h e s e  e s t i m a t e s  of t he  
v i t a l  r a t e s ,  the Kure popu la t ion  can be p r o j e c t e d  i n t o  t h e  f u t u r e .  As a 
f i r s t  s t e p ,  we have p r o j e c t e d  what t h e  course of t h e  popu la t ion  would be 
i f  t h e r e  had been no i n t r o d u c t i o n  of female pups t o  Kure over t h e  l a s t  2 
y e a r s  (F ig .  6, bottom cu rve ) .  Next, we have p r o j e c t e d  t h e  popu la t ion  w i t h  
i n t r o d u c t i o n s  of pups which have a l r eady  occurred ,  i nc lud ing  four female 
pups c u r r e n t l y  be ing  r e h a b i l i t a t e d  i n  Honolulu f o r  r e l e a s e  a t  Kure i n  1987 
(F ig .  6, middle curve) .  The d i f f e r e n c e  between t h e s e  two curves g ives  an 
idea of t h e  va lue  of t he  t r a n s l o c a t i o n  program t o  da te .  F i n a l l y ,  we have 
p r o j e c t e d  the  popula t ion  assuming the  t r a n s l o c a t i o n  program w i l l  cont inue 
t o  in t roduce  t h r e e  female y e a r l i n g s  per  y e a r  t o  Kure through 1991 ( t o p  
curve i n  Fig. 6 ) .  

In a l l  ca ses  t h e  Kure female popu la t ion  i s  p r o j e c t e d  t o  grow dur ing  
the  next  10 yea r s ,  even i f  no a d d i t i o n a l  s e a l s  a r e  introduced.  T h i s  i s  
simply a r e s u l t  of our choice of v i t a l  r a t e s ,  p a r t i c u l a r l y  t h e  h igh  sur- 
v i v a l  r a t e s .  I f  t hese  r a t e s  a r e  inaccura t e ,  or i f  they become lower i n  
the  f u t u r e  due t o  human d i s tu rbance ,  d i sease ,  food shor tage ,  or o t h e r  
f a c t o r s ,  t he  popu la t ion  w i l l  not grow a s  shown. Therefore ,  our i n t e r e s t  
i s  not so much i n  how f a s t  t h e  popu la t ion  i s  expec ted  t o  grow, b a t  i n  t h e  
r e l a t i v e  d i f f e r e n c e s  between the  d i f f e r e n t  p r o j e c t i o n s ,  which w i l l  remain 
r e g a r d l e s s  of t h e  choice of v i t a l  r a t e s .  The i n t r o d u c t i o n  of  r e h a b i l i t a t e  
pups from French F r i g a t e  Shoals  h a s  a l r eady  made a n  important  c o n t r i b u t i o n  
t o  t h e  p o t e n t i a l  growth r a t e  of t h e  Kure popula t ion .  Continuing th i s  
program through 1991 w i l l  make a s i g n i f i c a n t  a d d i t i o n a l  c o n t r i b u t i o n  (note  
t h e  d i f f e r e n c e  between t h e  middle and t o p  curves  in Fig. 6). Moreover, 
the  d i f f e r e n c e  between the  curves w i l l  cont inue  t o  grow i n  the  f u t u r e ,  
s ince  y e a r l i n g s  in t roduced  t o  Kure i n  t h e  1980's a r e  j u s t  beginning t o  
make a r ep roduc t ive  c o n t r i b u t i o n  by 1996. 

RECO-TIONS 

The 1986 r ep roduc t ive  popu la t ion  a t  Kure A t o l l  i s  a t  its lowest  known 
l e v e l :  One pup born of two known a d u l t  females.  The recovery a c t i o n s  t o  
da te ,  Head S t a r t ,  t h e  r e l o c a t i o n  of young females  t o  Kure and reduced 
beach d i s tu rbance ,  have had b e n e f i c i a l  e f f e c t s .  This i s  apparent  in t h e  
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i nc reas ing  s i z e  of t h e  immature age c l a s s .  Never the less ,  the  number of 
animals a t  Kure i s  ve ry  low and t h e  popu la t ion  i s  i n  g r e a t  jeopardy.  The 
h ighly  skewed a d u l t  sex r a t i o  may l e a d  t o  the  d e a t h s  of young females  from 
a t t a c k s  by a d u l t  males, a s  has  been observed a t  Laysan and L i s i a n s k i  
I s l a n d s  (Alcorn 1984; Ger rode t t e  1985; Johanos and Kam 1986).  A n a t u r a l  
ca tas t rophe ,  such a s  a c i g u a t e r a  die-off ,  could e a s i l y  e ra se  a l l  of t h e  
progress  t o  da t e  i n  b o l s t e r i n g  t h e  immature s e a l  count.  An i n c r e a s e  i n  
beach d is turbance  could have a s imilar  e f f e c t ,  o r  even t h e  p r e s e n t  l e v e l  
of d i s turbance  may not  be t o l e r a b l e  t o  t h e s e  matur ing  females,  caus ing  
them t o  move t o  o t h e r  breeding  i s l ands .  

It i s  very important ,  t he re fo re ,  t h a t  c e r t a i n  a c t i v i t i e s  and 
r e s t r i c t i o n s  be cont inued and t h a t  a d d i t i o n a l  measures be taken t o  
main ta in  o r  increase ,  a s  may be poss ib l e ,  s u r v i v a l ,  f i d e l i t y ,  and 
recru i tment  of females  t o  t h e  Kure populat ion.  The fo l lowing  
recommendations appear c r i t i c a l  t o  accomplish t h e s e  goals :  

1. Continue Head S t a r t  a s  long  a s  t h e  USCG remains a t  Kure A t o l l  
o r  u n t i l  beach d i s tu rbance  i s  s i g n i f i c a n t l y  reduced by USCG 
personnel r educ t ions  o r  changes i n  r e g u l a t i o n s  and enforcement 
of them. 

2. Continue and inc rease ,  i f  poss ib l e ,  t h e  number of females  
r e l o c a t e d  t o  Kure through r e h a b i l i t a t i o n  and the  Head S t a r t  
p ro jec t .  

3. Reduce USCG d i s tu rbance  of monk s e a l s  a t  Kure Ato l l :  

a. Enforce c u r r e n t  "of f  limits" r e s t r i c t i o n  a t  the n o r t h  po in t  
of Green I s l a n d  and seasonal  access  r e s t r i c t i o n  on t h e  sand 
i s l e t s .  

b. Continue r e s t r i c t e d  use of v e h i c l e s  on Green I s l a n d  beaches,  
only a s  e s s e n t i a l  t o  support  USCG miss ion ,  NMFS r e sea rch ,  or 
S t a t e  needs. 

c. Add t h e  west  po in t  of Green I s l and ,  S e c t o r s  5 ,  6, and 7, a s  a 
s easona l ly  r e s t r i c t e d  beach, from 1 February t o  1 August, and 
cut  f o o t p a t h s  through the  v e g e t a t i o n  t o  a l low beach walkers  
t o  e a s i l y  bypass  t h i s  a rea  dur ing  t h i s  pe r iod  (Fig.  2 ) .  
H i s t o r i c a l l y ,  t h i s  beach area  h a s  been  p r e f e r r e d  monk s e a l  
pupping h a b i t a t  and i t  i s  c r i t i c a l  t h a t  d i s turbance  he re  be 
reduced t o  encourage females  t o  remain and s u c c e s s f u l l y  r e a r  
pups a t  Kare Ato l l .  

d. R e s t r i c t  a l l  non-s ta t ion  personnel  v i s i t i n g  Kure from access  
t o  any of the  o u t e r  i s l a n d s  and a l l  Green I s l a n d  beaches,  
except  t h e  main r e c r e a t i o n a l  beach between t h e  p i e r  and t h e  
NMFS monk s e a l  pup enc losure  on t h e  west  shore of t h e  i s l a n d  
(F ig .  1, Sec to r  81, u n l e s s  a c c e s s  t o  o t h e r  a r e a s  i s  
s p e c i f i c a l l y  au tho r i zed  by S t a t e  permi ts .  
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The c u r r e n t  s t a t i o n  o r d e r  c a l l i n g  f o r  a minimum approach 
d i s t a n c e  t o  s e a l s  of 30.5 m (100 f t )  should be s t r i c t l y  
enforced.  A 61 m (200-f t )  limit should be t h e  minimum 
d i s t a n c e  any r e s t r i c t e d  beach or i s l a n d  may be approached 
from t h e  water .  

The USCG should des igna te  a W i l d l i f e  O f f i c e r  from w i t h i n  t h e  
USCG t o  s e rve  i n  such a capac i ty .  The W i l d l i f e  O f f i c e r  
should coord ina te  h i s  a c t i v i t i e s  w i t h  t h e  NMFS Sen io r  
Re s i  den t  Agent . 
Emphasis on a n  educa t iona l  program f o r  v i s i t o r s  and new USCG 
a s s i g n e e s  should be continued. 

4. Consider apply ing  r e s u l t s  of exper imenta l  work a t  Laysan I s l a n d  
t o  Kure, i f  a d u l t  male induced female m o r t a l i t y  appears  t o  be 
impeding recovery.  

5 .  Monitor t h e  Kure A t o l l  monk s e a l  popu la t ion  c lose ly .  Popula t ion  
s i z e  and composition, s u r v i v a l  r a t e s ,  b i r t h  r a t e s ,  i n t e r a t o l l  
movement ( e s p e c i a l l y  of r e l o c a t e d  f ema les ) ,  and i n t r a - a t o l l  haul- 
ou t  p a t t e r n s  should be checked annua l ly  t o  enable  a qu ick  
response t o  any apparent  problems. 

The endangered Hawaiian monk s e a l  breeding  popu la t ion  has  almost been 
e l imina ted  a t  Kure Ato l l .  Although t h e r e  i s  hope t h a t  i t  can su rv ive  and 
inc rease  i n  the  n e a r  f u t u r e ,  based on t he  growing number of immature 
females, t h e r e  seems l i t t l e  cause f o r  t h i s  o p t i m i s t i c  view based on what 
has  occurred  t h e r e  over  t h e  l a s t  20 yea r s .  Our recovery  p r o j e c t i o n s  a r e  
based on t h e  v e r y  c r i t i c a l  assumption t h a t  t h e  f u t u r e  w i l l  be d i f f e r e n t  
t han  the pas t ,  t h a t  beach d is turbance  of monk s e a l s  by USCG personnel  w i l l  
be f u r t h e r  reduced. I f  t h e  recommendations l i s t e d  above t o  reduce t h i s  
d i s turbance  a r e  n o t  implemented soon, it i s  l i k e l y  t h a t  t h e  e f f o r t  which 
h a s  gone i n t o  b u i l d i n g  t h e  immature popu la t ion  w i l l  f a i l  t o  e s t a b l i s h  a 
breeding populat ion.  
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APPENDIX 

Monk s e a l  beach counts a t  Kure A t o l l ,  1981-86. T o t a l s  w i t h  a s t e r i s k  ( * )  include 
some s e a l s  which were not p laced i n  any s i z e  c l a s s .  M = male, F = female, ? = sex 
unknown. 

No n-pup s Pup s T o t a l s  

Adult Subadul t J u v e n i l e  We ane d Nur s ing  
No n- 

Date M F ? M F ? M F ? M F ? M F 1 p a p P u p G r a n d  

41 1 
41 3 
4/ 16 
51 21 
6/ 17 
6/21 
6/25 
7/11 
7/17 
71 21 
7/25 
7/ 29 
81 2 
8/6 
81 16 
81 20 
81 24 
8/28 
911 
91 5 
91 13 

3/24 
41 17 
4/22 
4/26 
4/ 30 
5/ 5 
5 1  10 
5 /  14 
5/ 19 
5/25 
5/ 29 
6/ 1 

1981 

9 3 0 1 0  0 2 1 0  1 0  0 0 0 3 17* 4 21 
13 3 4 1 1  1 1  0 0 1 0  0 0 0 3 25* 4 29 
6 4 4 1 1 1 0 0 1 1 0 0 1 2 1 1 8  5 23 
5 2 4 0 0 0 1 0 1 1 0 0 0 0 1 1 9 * 2  21 
8 6 5 1 1 1 0 0 0 0 3 0 0 2 0 2 2  5 27 
5 3 3 1 0  1 1  2 0 0 3 0 0 2 0 18* 5 23 
1 0 3 1 0 1 0 4 0 0 0 ~ 3 0 0 1 0 1 9  4 23 
4 2 2 0 0 0 0 0 1 0 3 0 0 2 0  9 5 14 
5 2 1 1  0 0 3 1 0  0 5 0 0 0 0 14* 5 19 
9 3 1 2 0 0 2 1 2 0 5 0 0 0 0 2 0  5 25 
7 4 2 2 0 0 3 1 0  0 5 0 0 0 0 21* 5 26 
5 3 0 0 0 0 3 0 1 0  5 0 0 0 0 17* 5 22 
7 6 6 1 0 0 2 1 0 0 5 0 0 0 0 2 3  5 28 
9 2 3 0 1 3 1 0 0 1 5 0 0 0 0 1 9  6 25 
7 0 3 2 0 3 1 0 1 0 5 0 0 0 0 1 7  5 22 
8 3 8 2 0 1 2  2 0 0 5 0 1 0  0 27* 6 33 

13 5 2 0 0 1 1  1 2  1 5  0 1 0  0 26* 7 33 
7 2 6 2 0 2 0 0 0 1 5 0 1 0 0 1 9  7 26 
15 1 8  1 0  1 2  0 1 0  5 0 0 0 0 30* 5 35 
1 8 1 4 3 1 1 3 1 0 0 2 0 1 0 0 3 2  3 35 
1 5 2 8 1 1 2 2 1 0 1 2 0 1 0 0 3 2  4 36 

1982 

16 3 8 3 1 0  2 1 3  0 0 0 0 0 1 3 7  1 38 
10 4 5 1 2  1 1  0 3 0 1 0  0 0 2 27 3 30 
9 3 6 0 1 2 3 3 0 0 1 0 0 0 2 2 7  3 30 
7 1 5 0 3 2 1 1 0 0 0 0 0 0 1 2 0  1 21 
10 2 2 1 2  1 2  0 1 0  1 0  0 1 0  21 2 23 
3 4 6 0 2 2 3 2 4 0 1 0  0 1 1 2 7 * 3  30 
9 4 2 0  3 1 3  2 1 0 1 0  0 2 0  25 3 28 
9 2 4 1 2 2 1 3 2 0 2 0 0 1 0 2 6  3 29 
7 2 5 0 1 0 3 4 0 0 2 0 0 0 0 2 2  2 24 
3 3 3 0 2 3 2 1 2  0 2 0 0 0 0 20* 2 22 
13 3 3 1 1  1 4  1 0  0 3 0 0 0 0 28* 3 31 
3 2  8 1 2 2  5 1  1 0 3  0 0 0 0 2 6 * 3  29 
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Appe nd i x  . -- ( Co nt i nue d 1 

I Non-pups Pups T o t a l s  

Adult Subadult Juven i l e  Weaned Nursing 
I No n- 
I 

Date M F ? M F ? M F ? M F 1 M F ? p u p P u p G r a n d  
I 

61 5 
619 
61 13 
6/17 
61 21 
6/25 
6/29 
713 
71 6 
719 
7/10 
7/14 
7/18 
7/22 
7/26 
7/30 
81 5 

10 2 3 1 3  0 1 2  1 0  3 0 0 0 0 24* 3 27 
10 5 3 1 0  0 4 3 1 0  3 0 0 0 1 2 9 *  4 33 
6 2 3 0 3 1 3  3 0 0 2 0 1 0  0 22* 3 25 
8 2 4 1 2  1 3  0 1 0  2 0 1 0  0 23* 3 26 
2 4 5 2 1 0  4 3 1 0  0 0 1 0  0 23* 1 24 
7 2 3 2 3 1 6  2 0 0 3 0 1 0  0 28* 4 32 
1 0 4 4 0 2 1 7 4 1 0 3 0 1 0 0 3 3  4 37 
6 3 3 1 0 1 2 2 1 0 3 0 1 0 0 2 0 * 4  24 
5 3 6 2 2 0 0 1 2  0 3 0 0 0 0 22* 3 25 
13 2 3 0 0 0 1 2  0 1 3  0 0 0 0 21 4 25 
5 5 5 0 1 1  2 1 1  0 0 0 1 0  0 23* 1 24 
5 3  3 2 1 3 3 0 4 0 2 0 1 0 0 2 6 * 3  29 
10 4 1 1  0 1 2  1 1  0 2 0 0 0 0 23* 2 25 
6 1 5 2 1 1 0 2 0 1 2 0 0 0 0 1 8  3 21 
6 4 3 2 3 1 1  1 1  1 3  0 0 0 0 23* 4 27 
5 0 5 2 2 1 0  1 1  1 3  0 0 0 0 19* 4 23 
6 2 1 5  1 0  1 0  0 1 3  0 0 0 0 17* 4 21 

1983 

41 27 
4/29 
511 
51 3 
515 
51 7 
519 
5/ 11 
51 13 
5/ 15 
5/17 
5/19 
5/ 21 
51 23 
5/25 
5/27 
5/29 
5/31 
612 
614 
616 
61 8 

5 0 2 1 2  0 3 3 2 1 0  0 0 0 0 19* 1 20 

11 1 4  4 4 2 2 3 2 0 0 0 1 0  0 33 1 34 

11 1 3  2 3 0 2 3 0 1 0  0 1 0  0 26* 2 28 
10 3 2 1 3  1 2  4 0 1 0  0 1 0  0 28* 2 30 

10 2 4 1 2  0 3 6 0 1 0  0 0 0 0 29* 1 30 
6 2 5 0 3 0 3 3 0 1 0  0 I O  0 23* 2 25 
9 5 2 1 3  0 1 4  0 0 0 0 1 0  0 26* 1 27 

0 23 8 0 4 2 3 0 3 3 0 0 0 0 0 0 0 2 3  
7 3 1 0  3 0 1 2  0 1 0  0 I O  0 18* 2 20 
5 1 4  1 3  0 1 3  0 1 0  0 0 0 0 19* 1 20 
1 2 4 4 2 2 0 1 3 0 1 0 0 1 0 0 2 8  2 30 
9 3 3 1 4 0 2 4 0 0 0 0 1 0 0 2 7 * 1  28 
8 4 2 2 2 2 2 4 0 1 0  0 0 0 0 27* 1 28 
7 3 1 2  3 0 3 3 0 1 0  0 0 0 0 23* 1 24 
9 3 2 3 2 0 3 2 0 0 0 0 0 0 0 2 5 * 0  25 

1 22 
10 3 1 2  2 0 1 2  0 2 0 0 0 0 0 22* 2 24 
1 1 2 3 2 2 0 2 1 1 2 0 0 0 0 0 2 4  2 26 
10 4 4 3 2 0 2 3 0 1 0  0 0 0 0 29* 1 30 

6 3 1 2 1 0 2 2  0 0 0 0  0 0 0 1 7  0 17 

9 2 2 2 2 1 2 1 0 1 0 0 0 0 0 2 1  

4 3 2 2 2 0 2 3 0 1 0 0 0 0 0 1 8  1 19 

6 3 0 2 2 0 3 2 0 1 0 0 0 0 0 1 8  1 19 
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3 

Appendix. -- ( Continued) 

No n-pup s PUP S T o t a l s  

Ada1 t Sabadul t J u v e n i l e  Weaned Nur s ing  
No n- 

Date M F ? M F ? M F 1 M F ? M F ? p u p P a p G r a n d  

0 17 6/10 6 1 1  2 1 1  2 2 1 0  0 0 0 0 0 17 
6/12 9 2 1 0 2 0 2 1 1 0 0 0 0 0 0 1 8  0 18 
6/14 7 4 1 1 1 0 3 1 0 0 0 0 0 0 0 1 8  0 18 
6/16 12 2 1 1  1 1  3 2 0 1 0  0 0 0 0 23 1 24 
6/20 4 3 1 1 2 1 1 1 0 0 0 0 0 0 0 1 5 * 0  15 
6/24 8 3 0 2 1 0 1 3 0 1 0 0 1 0 0 1 9 * 2  21' 
6/28 9 3 0 2 3 0 3 1 0  2 0 0 1 0  0 22* 3 25 

5/14 
5/16 
5/18 
5/21 
5/23 
5/25 
5/27 
51 30 
61 1 
614 
61 6 
61 10 
61 12 
6/14 
61 16 
6/18 
6/20 
6/22 
6/24 
6/26 
6/28 
6/30 
7/2 
714 
71 6 
71 8 
7/10 
7/14 
71 16 
7/18 
71 19 
7/22 

1984 

12 1 6  2 4 4 3 1 1  0 1 0  0 0 0 35* 1 36 
7 1 5  0 3 7 1 0  0 1 0  0 1 . 0  0 25* 2 27 
9 1 0  3 2 1 1  0 0 2 0 0 0 0 0 18* 2 20 
5 0 3 2 3 0 0 1 0 3 1 0 0 0 0 1 4  4 18 
6 1 1  1 2  0 0 1 1  2 0 0 0 0 0 14'2 16 
1 1 1 4 2 4 2 1 1 0 2 1 0 0 0 0 2 7 * 3  30 
6 0 3 4 2 2 0 1 0 2 1 0 0 0 0 1 8  3 21 
7 3 1 4 1 1 1 1 0 1 0 0 0 1 0 2 0 * 2  22 
6 1 1  4 3 0 0 0 0 1 1  0 0 1 0  17* 3 20 
5 4 2 2 0 0 0 0 0 1 1  0 0 1 0  14* 3 17 
7 2 3 4 0 0 1 1 0 2 0 0 0 1 0 1 8  3 21 
4 2 9 1 0 1 0 0 0 2 3 0 0 1 0 1 8 * 6  24 
7 2 4 1 2 1 1 1 0 0 3 0 0 1 0 1 9  4 23 
5 3 1 0 3 2 0 1 1 0 1 2 0 0 1 0 2 5  4 29 
8 1 3 4 1 1 0 0 1 1 3 0 0 0 0 1 9  4 23 
3 3 5 1 0 2 0 1 0 1 1 0 0 1 0 1 5  3 18 
11 4 1 2  4 0 0 1 1  2 0 0 0 1 0  24 3 27 
4 3 3 2 2 0 0 1 1 1 3 0 0 0 0 1 6  4 20 
5 4 4 1 0  1 0  1 4  2 2 0 0 1 0  21* 5 26 
1 3  1 2  1 1  2 2 0 2 4 0 0 1 0  14* 7 21 
5 4 5 1 2 0 1 3 1 2 2 0 0 1 0 2 3 * 5  28 
4 5 3 1 1  0 0 1 0  1 2  0 0 1 0  16* 4 20 
3 4 1 3 0 1 1 1 1 1 3 0 1 0 0 1 5  5 20 
5 4 2 2 2 2 2 2 0 1 5  0 1 0  0 21 7 28 
3 3 2 2 2 2 1 1  0 2 5 0 1 0  0 17* 8 25 
3 2 3 1 2  4 1 0  1 1  5 0 1 0  0 18* 7 25 
1 2  4 0 2 5 0 2 0 1 5  0 0 0 1 1 7 *  7 24 
3 4 6 0 2 4 0 2 0 2 5 1 0 0 1 2 1  9 30 
5 3 4 3 3 2 1 0 0 2 5 0 1 0 0 2 1  8 29 
6 3 3 2 1 3 2 2 0 1 5 0 0 0 0 2 2  6 28 
9 2 1 4  lt 3 2 1 0  2 5 0 1 0  0 23 8 31 
4 2 3 2 0 1 0  2 0 3 5 0 1 0  0 15* 9 24 
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Appendix.--(Continued) 

No n-pup s Pup s T o t a l s  

Ada1 t Subadul t J u v e n i l e  Weaned Nur s ing  
No n- 

Date M F ? M F ? M F ? M F ? M F ? p a p P u p G r a n d  

7/24 
7/26 
7/28 
7/30 
811 
81 3 
815 
81 9 
8/11 
81 13 
81 17 
81 21 
81 26 
81 29 
912 
9/ 6 
9/15 
9/18 
9/24 

6 3 5 0 0 1 1  1 0  1 5  0 1 0  0 19* 7 26 
6 2 2 2 1 1  0 1 0  2 5 0 1 0  0 16* 8 24 
4 1 5  2 2 0 0 1 0  1 5  0 0 0 0 16* 6 22 
7 2 6 3 2 2 0 0 0 1  5 0 1  0 0 2 3 * 7  30 
6 4 4 2 2 1 1 1 0 2 5 0 1 0 0 2 1  8 29 
4 2 8 0 1 1  0 0 1 0  5 0 1 0  0 18* 6 24 
4 2 7 2 2 1 1 1 0 0 5 0 1 0 0 2 0  6 26 

4 0 1 2  1 1  0 2 0 0 3 5 0 0 0 0 21* 8 29 
3 3 1 0  0 1 0  1 0  0 2 5 0 0 0 0 19* 7 26 
7 1 5  3 2 1 0  0 0 1 5  0 0 0 0 20* 6 26 
5 0 1 0  1 2  2 1 0  0 2 5 0 0 0 0 22* 7 29 
8 1 9  0 0 1 1  1 0  1 3  0 0 . 0  0 23* 4 27 
9 1 2  2 0 0 1 1  0 1 4  0 0 0 0 18* 5 23 

7 1 1 1  1 1  2 1 1  0 3 3 0 0 0 0 26* 6 32 
12 2 8 1 0  1 1  1 0  2 4 0 0 0 0 28* 6 34 
7 1 1 4  3 0 4 0 0 0 1 4  0 0 0 0 31* 5 36 
11 1 1 3  0 1 3  0 0 0 2 1 0  0 0 0 ’ 3 0 *  3 33 

8 1 7  3 0 1 0  0 0 4 3 0 0 0 0 21* 7 28 

1 4 2 3 4 1 1 3 0 1 3 4 0 0 0 0 3 0 * 7  37 

1985 

215 
2/ 23 
3/13 
3/17 
412 
41 8 
4/10 
4/30 
5/22 
5/ 24 
51 26 
5/28 
5/30 
61 1 
61 3 
615 
61 7 
619 
61 13 
6/17 

9 3 7 1 4 5 2 1 2 0 0 0 1 0 0 3 4  1 3 5  

1 1 2 8 2 2 2 3 1 2 0 0 0 2 0 0 3 3  2 35 

8 1 3 2 1 4 1 0 0 2 0 0 0 0 0 2 0  2 22 

1 0 4 6 5 3 2 2 1 1 0 0 0 2 0 0 3 4  2 36 

7 5 5 4 1 6 2 0 3 1 0 0 1 0 0 3 3  2 35 

6 3 5 2 2 1 4 0 0 1 0 0 0 1 0 2 3  2 25 
1 0 2 4 0 0 3 1 2 0 1 0 0 0 1 0 2 2  2 24 
1 1 5 5 3 3 1 1 0 0 2 0 0 0 2 0 2 9  4 33 
8 2 4 4 2 3 2 1 0 2 0 0 0 0 0 2 6  2 28 
1 2 3 4 2 2 2 2 1 0 0 0 0 0 1 0 2 8  1 2 9  
1 1 4 6 4 1 3 0 0 1 1 0 0 0 0 0 3 0  1 3 1  
6 2 2 5 0 3 1 0 0 1 1 0 0 0 0 1 9  2 21 

1 0 1 1 4 1 4 0 0 0 2 1 0 0 0 0 2 1  3 24 

1 1 0 0 1 4 6 2 0 0 2 2 0 0 0 0 2 4  4 28 

7 2 0 3 4 2 1 1 0 2 2 0 0 0 0 2 0  4 24 
7 3 0 2 3 5 1 1 0 1 1 0 0 0 0 2 2  2 24 
3 2 1 3 3 3 1 1 0 0 0 0 0 0 0 1 7  0 17 

5 3 3 1 3 1 0 0 2 2 0 0 0 1 0 1 8  3 21 

7 2 2 2 3 2 2 2 0 0 0 0 0 0 0 2 2  0 22 

8 2 1 3 5 1 0 0 0 0 2 0 0 0 0 2 0  2 22 
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Ap pe ndi  x . -- ( Con t h u e  d 1 

P 

No n-pup s Pup s T o t a l s  

Ada1 t Subadul t J u v e n i l e  Weaned Nursing 
No n- 

Date M F ? M F ? M F 1 M F ? M F ? p u p P u p G r a n d  

6/19 
6/22 
6/24 
6/26 
6/28 
712 
71 6 
7/12 
7/14 
7/16 
7/18 
7 120 
7/22 
7/24 
7/26 
7/28 
7/30 
81 1 
81 3 
815 
81 7 
81 9 
81 13 
8/15 
8 /  17 
8/18 
8/20 
81 27 
8/29 
8/31 
914 
9/ 6 
9/10 
9/ 14 
9/ 16 
9/18 
9/24 
9/28 
913 0 

7 2 0 1 1 1 1 0 0 1 1 0 0 0 0 1 3  2 15 
8 2 1 3 7 0 1 0 0 1 2 0 0 0 0 2 2  3 25 

10 1 2  2 5 2 1 0  0 1 1  0 0 0 0 23 2 25 
1 0 2 3 5 3 2 0 0 0 2 2 0 0 0 0 2 5  4 29 

6 1 2 2 1 4 0 1 0 1 1 0 0 0 0 1 7  2 19 
10  1 1  3 5 0 2 1 0  1 2  0 0 0 0 23 3 26 
12 2 3 5 1 5  1 1  1 2  1 0  0 0 0 31  3 34 

8 1 1 5 6 3 0 0 0 2 1 0 0 0 0 2 4  3 27 
8 5 1 2 4 3 1 0 0 0 1 0 0 0 0 2 4  1 25 
8 2 0 5 3 1 1 0  0 2 1 0  0 0 0 20 3 23 
4 2 1 2 3 2 2 0 0 2 1 0 0 1 0 1 6  4 20 
4 1 0 1 2 3 1 1 0 1 1 0 0 1 0 1 3  3 16 
5 1 3 4 4 0 0 0 1 2 2 0 0 1 0 1 8  5 23 

1 2 3 0 5 6 1 0 1 0 2 2 0 0 1 0 2 8  5 33 
9 2 3 3 2 0 0 1 0 2 1 0 0 1 0 2 0  4 24 

1 3 1 2 4 3 2 0 1 0 2 1 0 0 1 0 2 6  4 30 
9 3 2 3 1 3 0 1 0 2 1 0 0 1 0 2 2  4 26 
8 4 1 3 1 2 1 0 1 1 0  0 0 0 0 21 1 22 

10  1 2  2 1 2  2 I O  1 0  0 0 0 0 21 1 22 
12  4 1 3  1 1  1 0  0 1 1  0 0 1 0  23 3 26 

8 3 3 4 1 1 1 1 0 1 2 0 0 1 0 2 2  4 26 
11 2 1 2  1 2  1 1  0 2 2 0 0 1 0  21 5 26 

4 2 0 3 1 3  1 1  0 2 1 0  0 1 0  15  4 19 
8 0 1 2 1 0 1 1 0 1 2 0 0 0 0 1 4  3 17 

11 3 1 4  1 0  0 1 0  1 1  0 0 1 0  21 3 24 
10 2 2 4 0 0 1 1  0 1 0  0 0 1 0  20 2 22 
1 2  0 0 2 1 0  0 1 0  1 2  0 0 0 0 16 3 19 
7 2 3 2 4 0 0 1 0 1 3 0 0 0 0 1 9  4 23 
8 1 4 3 1 1 1 1 0 2 3 0 0 0 0 2 0  5 25 
8 3 2 2 0 2 0 1 0 1 1 0 0 0 0 1 8  2 20 

1 5 2 5 0 4 0 1 1 0 1 2 0 0 0 0 2 8  3 31 
1 7 1 1 3 3 0 1 0 0 1 1 0 0 0 0 2 6  2 28 
1 2 1 3 5 2 1 1 1 0 1 0 0 0 0 0 2 6  1 27 

17 0 0 8 3 0 1 0  0 2 1 0  0 0 0 29 3 32 
1 3 2 4 5 2 2 0 0 0 2 1 0 0 0 0 2 8  3 3 1  
11 1 1 1  5 3 2 1 2  1 2  0 0 0 0 0 37 2 39 
11 1 6  5 4 6 1 1  0 2 2 0 0 0 0 35 4 39 
1 4 3 5 4 2 1 1 1 0 1 3 0 0 0 0 3 1  4 35 

1 2 1 3 4 2 1 . 0 1 0 1 1 0 0 0 0 2 4  2 26 
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Appendix. -- ( Co nt i nne d) 

No n-pup s h P  s T o t a l s  

A d d  t Subadult Juvenile Weaned Nur s ing 
Non- 

Date M F ? M F ? M F ? M F ? W F ? p u p P u p G r a n d  

1986 

5/ 21 
5/24 
5/26 
5/ 27 
5/29 
51 30 
611 
613 
6/5 
6/ 6 
61 8 
6/10 
6/12 
6/14 
6/16 

5 2 6 5 7 1 0 2 1 0 0 0 1 0 0 2 9  1 30 
8 2 3 1 6 6 0 0 3 0 0 0 1 0 0 2 9  1 30 
9 1 2 4 3 5 1 1 3 0 0 0 1 0 0 2 9  1 30 
7 2 4 4 5 8 0 2 2 0  0 0 1 0  0 34 1 35 
6 3 5 4 4 3 0 4 1 0  0 0 0 0 0 31* 0 31 
8 2 5 7 1 5 0 1 6 1 0 0 0 0 0 3 5  1 36 
4 3 6 3 5 5 1 0 1 1 0 0 0 0 0 2 8  1 2 9  
3 1 6 1 4 9 0 0 1 1 0 0 0 0 0 2 5  1 26 
5 2 2 3 7 1 0 1 0 1 0 0 0 0 0 2 1  1 22 
2 1 4 5 6 5 0 0 1 1 0 0 0 0 0 2 4  1 25 
4 3 3 4 5 5 0 1 0 0 0 0 0 0 0 2 5  0 25 
6 1 4 3 7 5 0 0 1 1 0 0 0 0 0 2 7  1 28 
1 1 2 1 5 5 3 0 0 1 0 0 0 0 0 0 2 8  0 28 
7 2 3 4 5 4 0 0 0 1 0 0 0 0 0 2 6 * 1  27 
5 3 6 3 4 2 0 2 1 0 0 0 0 0 0 2 6  0 26 

r 




